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Description 

The present Invention relates to a process for the production of a mixture of kxitenes and propylene by metathesis 
of a feedstock comprising C5 olefins and ethylene. 

It is well known that one of the by-products during the production of ethylene by steam cracking of liquid feedstock 
is a stream comprising C5 hydrocartions which is known as "raw gasoline". This raw gasoline stream is conventionally 
subjected to hydrogenation to remove some of the dienes therein folbwed by distillation for separation into light and 
heavy gasoline streams. The lighter fraction is then further distilled to produce a C5 rich stream, the so-called "C5 light 
gasoline". Such a C5 light gasoline has a low octane number and Is usually combined with a heavy gasoline stream to 
be added to conventional gasoline pools. Flukl catalytic cracking is another exanrple off a process that produces a 
stream comprising C5 hydrocartxjns. 

It is also well known that due to environmental considerations, there is a serious demand for reduction in aromatic 
content and for minimising or eliminating lead additives of such gasoline. The reduction of these components in gaso- 
line results in a significant loss of octane rating of the gasoline. Hitherto this problem has been solved by incorporation 
of oxygenated compounds such as methyl tertiary butyl ether (MTBE) or ettiyl tertiary butyl ether (ETBE) to the gasoline 
pool as high octane components. These conrponents have excellent blending and vapour pressure characteristics and 
hence there is a great demand for such oxygenated compounds. 

MTBE is produced by reacting isobutylene with metiianol. Huge increases in the production of these raw materials 
have been observed and further accelerated growth is predicted. There are unlikely to be any problems with the pro- 
duction of methanol since tiie raw material which Is natural gas is in plentiful supply and is relatively inexpensive. How- 
ever, it is well recognised tiiat the limiting step in the production of tiie aforementioned oxygenated compounds is the 
availability of isobutene. 

Hitherto, Isobutene has been produced by various routes including: 

a. Catalytic dehydrogenation of isobutene: the disadvantage of this process is the very high capital cost of tine plant. 

b. Extraction of steam cracked C4 sb-eams where the isobutene content tiiereof is first converted to MTBE and then 
back-<;racked to substantially pure Isobutene: this has the disadvantage that the main objective of the steam 
cracker is to produce ethylene and increasing the steam cracking temperature to maximise etfiylene production will 
naturally reduce tiie isobutene content of tiie cracked gas. 

c. Ruid catalytic cracking (FCC): this has ttie disadvantage tiiat tiie main function of an FCC unit is tiie production 
of ti-ansport fuels whilst minimising tiie formation off light ends: any light ends formed are converted to gasoline by 
alkylation. 

d. Isomerisation of butene-1 : this has the disadvantage that butene-1 itselff is produced eltiier 

i. by fractionation of a raff inate resulting from the conversion of isobutene in a rnxe6 C4 stream to MTBE, or, 
il. by extractive distillation of mixed butene streams, or 
ill. by dimerisatlon of ettiylene. 

Of these. (I) is tiie most commercially viable and most economic. Butenes have also been produced by the dispro- 
portionatton of olefins especially pentenes, particularly pentene-1 and pentene-2, and hexenes. In most cases these 
olefins are disproportionated on their own or In conjunction with otiier lower olefins such as propylene. Examples of 
prior publications describing such reactions include US-A-4331559, US-A-4291187, US-A-4269780. US-A-4071471, 
US-A-4262156. US-A-3761537, US-A-4922048. US-A-5191144. US-A-5264635 and J-A-48031194. None of tfiese or 
other prior art references In this field disclose the metathesis of a feedstock comprising a mixture of C5 olefins and eth- 
ylene. 

US-A-3696163 discloses a process in which isobutene Is produced by contacting a cat gasoline feed with ethylene 
In the presence of a catalyst However, tiie gasoline feed is not pretreated in any way. 

It has now been found that the C5 light gasolines referred to above can be a valuable source off both Isobutene and 
n-txjtenes which thereby not only enhances the value derivatDle from the light gasoline stream but is also a source off 
these C4 olefins and produces, in addition, propylene as by-product. 

Accordingly, the present invention is a process for tiie production of a mixed C4 olef inic stream comprising primarily 
isobutene and butene-1. and propylene, said process comprising subjecting a mixed olefin feedstock comprising C5 
olefins and ethylene to metathesis in the presence of a catalyst at a temperature in tiie range from -20**C to 200*»C and 
subjecting the resulting metathesis product to fractionation to recover the mixed C4 stream and propylene resulting 
therefrom. 

The feedstock for tills reaction comprises C5 olefins and ethylene. The C5 olefins in tiie feedstock suitaijly com- 
prise one or more of pentene-1, pentene-2. 2-methylbutene-2, 2-methy!butene-1 and 3-methylbutene-1 . Such a feed- 
stock may be obtained from a by-product during the steam cracking of naphtha to etiiylene. This by-product usually 
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comprises significant amounts of isomeric C5 paraffins, pentadienes, pentenes and small amounts of isomeric hex- 
anes. When this by-product is subjected to a selective hydrogenation step followed by fractionation to remove C6 hydro- 
carbons, the resultant hydrogenated product comprises about 50% w/w of isomeric pentanes and about 47% w/w of 
isomeric pentenes but has virtually no pentene-1 or dienes. The selective hydrogenation step is suitably carried out in 
the presence of a conventional hydrogenation catalyst such as eg a nickel or palladium based catalyst. Two typical 
examples of such feedstock compositions from different refineries and the approximate ooncentration of the maja com- 
ponents in such feedstocks are tabulated below: 



TABLE 1 



Component 


Refinery A (Wt%) 


Refinery B (Wt%) 


n/i-Pentane 


32 


44 


Cydopentane 


5 


5.8 


Pentene-1 


2 


8.2 


Pentene-2 


9 


8.2 


2-Methy[lxrtene-1 


3.6 


5.8 


2-Methylbutene-2 


7.4 


11.2 


3-Methylbutene-1 


0.5 


1.3 


Cydopentadiene 


9.1 


7.4 


Linear dienes 


3 


0.5 


C6s 


28.4 


7.8 



Taking a sample of an actual feedstock from Refinery A. the effect of deep hydrogenation followed by fractionation of 
the hydrogenated product to remove C6 hydrocatt>ons on the compostion of tlie feedstock is shown in Table 2 l^elow in 
which all units are % w/w of the total. As can be seen from Table 2. a feature of this hydrogenation step is that most, if 
not all, of the pentene-1 present in the original by-product is hydroisomerised to pentene-2 during this step. Further- 
more, the original content of pentene-2 (8.43% w/w) and 2-methyibutene-2 (6.9% w/w) in the by-product is virtually dou- 
bled to 16.04% w/w and 1 7.1% w/w respectively In the hydrogenated product after the removal of the C6 components. 
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TABLE 2 



5 


Component 


Untreated 


Post Deep Hydrogena- 
tion 


Post C6 Removal 




n-Pentane 


19.49 


19.49 


25.62 




Iso-Pentans 


13.64 


13.64 


17.93 


10 


Cydopentane 


4.35 


6.17 


8.11 




Pentene-1 


1.99 


0 


0 




2-methytbiJtene-1 


3.68 


0 


0 




3-nnethylbutene-1 


0.53 


0 


0 


15 


c/s-Pentene-2 


2.1 


3.99 


5.25 




frans -Pentene-2 


6.33 


8.22 


10.81 




2-methylbutene-2 


6.9 


11.11 


17.1 


20 


Cydopentene 


9.09 


10.91 


14.34 




1 -CAS-S-Pentadiene 


0.56 


0 


0 




1 -frans-3-Pentadiene 


0.84 


0 


0 




1 ,4-Pentadiene 


0.38 


0 


0 


25 


isoprene 


1.89 


0 


0 




Cydopentadiene 


3.64 


0 


0 




n-Hexane 


5.74 


5.74 


0 


30 


2-Methylpentane 


5.44 


5.44 


0 




3-Methylpentane 


2.32 


2.32 


0 




2,3-Dimethylbutane 


0.32 


0.32 


0 


35 


Cydohexane 


0 


0 


0 


Methylcydopentane 


1.19 


1.19 


0 




Benzene 


1.06 


1.06 


0 




Other C6's 


7.65 


7.65 


0 


40 


Toluene 


0.02 


0.02 


0 



The ratio of the ethylene to C5 olefins in the mixed olef inic feedstod^ subjected to metathesis is suitably in the range 
from 1 : 1 to 10 : 1. preferably from about 1 : 3 to 1 : 6, eg 1 : 4 w/w. The use of excess ethylene suppresses the self 
metathesis of the C5 olefins. 

45 The metathesis reaction is carried out in the presence of a catalyst. Examples of catalysts that may be used include 
a supported metal codde such as an oxide of rhenium, tungsten, molybdenum or cobalt. The support may be alumina, 
silica, molybdena, rirconia or yttrra. These supports may be dosed with other compounds capable of promoting the 
reaction such as eg phosphorus compounds, eg phosphates; tin compounds such as (alkyl)tin halides: and alkali and 
alkaline earth metals such as eg sodium, potassium and calcium. Supports such as alumina may be used in their var- 

50 ious allotrcpic fbmris such as eg y-alumina. The preferred catalyst is suitably rhenium heptoxide on alumina which may 
be phosphated alumina. The amount of metal oxide with respect to the support in the catalyst is suitably in the range 
from 0.1 to 15% w/w. preferably from 0.1 to 10% w/w, more preferably from 0.5% to 5% wM. The process can advan- 
tageously use a metathesis catalyst comprising rhenium heptoxide on alumina (8% wt rhenium metal), prepared 
according to the teaching of US-A-4795734. 

ss The metathesis reaction is suitat)ly carried out under heterogeneous conditions. A solvent may be used as the 
reaction medium to keep the reactants and products in a liquid form, if this Is desirable, although this may not be nec- 
essary where the reaction is carried out under pressure. A diluent which is inert under the reaction conditions may also 
be used, if desired. Examples of such diluents m^ be paraffinic or cycloparaffinic hydrocarbons. 
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The reaction is suitably operated under pressure so that the reactants and products are nnaintained in the liquid 
phase at the reaction temperature and under the reaction corviitions. Thus, the pressures used may suitably range from 
100 to 10000 kPa. preferably from 100 to 5000 kPa. 

The metathesis reaction is suitably carried out at a temperature in the range from -20*'C to 200'*C, preferably from 
5 0*^0 to 150*^0 and more preferably from 15*^0 to 40'*C. 

The reaction is not dependent upon the cg- or frans-oonfiguration of the olefins and thus all pentene-2 present in 
the feed is available for the reaction. 

The reaction is suitably carried out at a liquid hourly space velocity (LHSV) in the range from 1 to 30/hr by volume. 
The reaction may be typically represented by the following equation: 

R.CH=CH.R* + CH2=CH2 
(I) 

R.CH=CH2 + CH2=CH.R 
(11) (III) 



wherein R and R' represent various alkyi groups which, when taken together with the .CHsCH. functions in (I) above, 

20 represent isomeric C5 olefins. The products (II) and (III) shown above are two of the major products that are formed in 
the reaction. Typically, metathesis of pentene-2 and ethylene wouM give rise to a mixture of propylene and butene-1 
whereas metathesis of 2-methyttxitene-2 and ethylene would give rise to isobutene and propylene. Thus, the products 
of the metathesis reaction are a mixture of isobutene. butene-1 and propylene. 

The products of the reaction can be fractionated to recover propylene on the one hand and a substantially pure mix- 

25 ture of isobutene and butene-1 on the other hand. The first distillate from the reaction mixture is of propylene and unre- 
acted ethylene. The bottoms from this distillation step comprise a mixture of isobutene. butene-1 and unreacted C5 
hydit)cartx>ns. The bottoms may be fed to a second distillation stage where a mixture of isobutene and butene-1 are 
recovered overhead. TTie base products from this second distillation stage comprising unreacted C5 hydrocarbons is 
usually highly paraffinic and can therefore be used as a valuable steam cracker feed. The mixture of isobutene and 

30 butene-1 is difficult to separate by simple fractionation due to the close proximity of their boiling points (-6.9°C versus - 
6.3°C). This mixture may. however, be separated by reaction eg with an alcohol such as methanol or ethand so that the 
isobutene is converted to the corresponding ether MTBE or ETBE leaving behind a substantially pure form of butene- 
1 . TTie ether may be back-cracked to recover pure isobutene. Alternatively, butene-1 can be separated by absorption 
techniques. Pure butene-1 is a valuable feedstock for producing a number of compounds including inter alia poly- 

35 butene-1. 

The spent or deactivated catalyst from the reaction can by regenerated by thermal oxidation ie by heating at ele- 
vated temperatures above 300*^0 in the presence of oxygen or a gas containing oxygen. 

A feature of this process is that the metathesis followed by fractional distillation produces a C4 stream containing 
only isobutene and butene-1. The production of MTBE or tertiary butyl alcohol or iso-butene sulphate from this C4 
40 stream gives rise to substantially pure butene-1 as a by-product. This method therefore obviates the need separate 
butene-1 from butene-2 and conventional C4 saturated hydrocarbons as would be the case if a conventional MTBE 
raffinate had to be processed. Furthermore, tiie metathesis product of a feed comprising C5 olefins and ethylene is sub- 
stantially free of undesirable t>utene-2, which is invariably present when ethylene in the feed is substituted by propylene. 

The present invention is further illustrated with reference to the following Examples. 



45 



This Example illustrates the invention through conversion of a synthetic liquid feedstock containing 9.05% wt. of 2- 
methylbutene-2 in cyclohexane diluent with ethylene to produce iso-butene arvl propylene over a typical heterogeneous 
so metathesis catalyst comprising rhenium heptoxide on alumina (8% wt rhenium metaQ, prepared according to the teach- 
ing of US-A-4795734. 

The Example was carried out on a continuous t>asis using a fixed catalyst bed in a stainless steel reactor (32.5 mm 
intern£d diameter) located within an electric furnace. Reaction temperature was monitored using thermocouples located 
at the top and bottom of the catalyst bed. Metered gaseous and liquid reactants were fed upflcw through the reactor. 
55 Gaseous and fquid products were separated on exit from the reactor and analysed using gas chromatography. 



5 
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Process conditions: 

The metathesis catalyst (100 ml) was activated in situ in the reactor by heating for 12 hours at 550*>C under an air 
purge (atmospheric press. GHSV = 500). After tiiis oxidation stage, the reactor was purged at SSC^C vwth nitrogen 
5 (atmospheric pressure, GHSV = 500) for 1 hour prior to cooling, under nitrogen, to the required start of run reaction 
temperature of 40**C. 

The reactor was pressurised to the operating pressure of 31 x 10^ Pa (30 barg) with nitrogen prior to the introduc- 
tion of the gaseous and liquid reactants. The nitrogen flow was replaced with ethylene, fed at the required rate for the 
reaction (44 litres/hr at NTP). The synthetic liquid feed was fed to the reactor at 1 50 ml/hr (LHSV = 1 .5Air. The approx- 
10 imate mole ratio of ettiylene to C5 hydrocarbons is in tfie region of 10:1 . A reactor pressure of 31x10^ Pa (30 barg) 
was maintained for the duration of the experiment The average catalyst bed temperature was increased to approxi- 
mately src after 90 hrs on sfream when 2-metfiylbutene-2 conversion had fallen to 50% of Its start of the run value 
The run was terminated after 128 hours on stream. 

The results are shown in Table 3 below and are quoted on a mol% basis. 



TABLE 3 









2-MethyIbutene-2 Metathesis with Ethylene 


20 


TOS(hrs) 


AvBed 
Temp°C 


2-MB-2 

Conv. 


^o-Butene 
Selec. 




TOS (hrs) 


Av Bed 
Temp **C 


t IVI 

Conv 


/so-DUiene 
Selec. 




18 


41.2 


81.3 


71.83 




70 


40.1 


47.45 


94.27 




19 


41.1 


79-26 


74.31 




73 


40.2 


47.70 


91.31 


25 


20 


40.9 


83.77 


73.62 




76 


40.1 


46.59 


87.32 






**• 1 . 1 


77.62 


74.31 




79 


39.9 


47.14 


93.33 




22 


41.1 


74.09 


74.16 




82 


39.9 


47.31 


93.99 


30 


24 


41.1 


71.93 


77.98 




88 


39.9 


37.77 


99.37 




26 


41.1 


69.91 


82.81 




91 


48.3 


37.82 


85.71 




28 


41.1 


78.22 


82.62 




93 


50.9 


59.45 


84.89 




30 


41.2 


73.44 


93.35 




95 


51.5 


60-71 


86.88 


35 


32 


41.1 


72.18 


82.83 




97 


51.3 


52.76 


91.54 




39 


40.4 


65.15 


86.11 




99 


51.3 


48.86 


85.17 




41 


40.8 


71.77 


87.75 




101 


51.3 


47.22 


89.41 


40 


43 


40.8 


67.28 


82.2 




103 


51.6 


46-62 


93.19 




45 


40.7 


56.82 


89.56 




105 


51.3 


36.37 


98.21 




47 


40.6 


64.83 


88.81 




109 


51.4 


40.63 


92.64 




49 


40.6 


62.23 


91.81 




111 


51.5 


37.97 


96.04 


46 


52 


40.5 


60-01 


85.87 




116 


51.5 


29.15 


92.32 




55 


40.5 


59.79 


92.31 




119 


51.8 


31.16 


89.82 




58 


40.4 


54.98 


94.64 




122 


51.9 


26.19 


100 


SO 


61 


40.4 


52.14 


96.33 




125 


52.1 


26.11 


100 




67 


40.3 


49.81 


82.99 




128 


52.9 


28.06 


98.98 



i 



These results show that isobutene was ttie only C4 olefin in the product. The reduction in selectivity was due to the 
formation of light polymer. These results demonstrate that the metathesis reaction between 2-methyfbutene-2 and eth- 
ylene is very selective for the formation of isobutene as the only C4 olefin product 
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Example 2: 

This Example illustrates the invention through the production of butene-1 . tso-butene and propylene by reaction of 
a synthetic liquid feedstock containing by weight 3.1% /rans-pentene-2, 1 .2 % c/s -pentene-2 and 7.8% 2-methylbutene- 

5 2 in cydohexane diluent, with ethylene over an olefin disproportionation catalyst. The catalyst used was supplied by 
Engelhard de Meern BV (Ref Ql 95-01) and conprised typically 3% by weight of rhenium supported on 1 .6 mm extru- 
dates of alumina. The experiment was conducted on a continuous basis using a fixed catalyst bed in a stainless steel 
reactor (32.5 mm internal diameter) located within an electric furnace. Reaction temperature was monitored using ther- 
mocouples located at the top and bottom of the catalyst bed. Metered gas and liquid reactants were fed upf low through 

10 the reactor. Gas sind liquid products were separated on exit from the reactor and analysed using gas chromatography 
The metathesis catalyst (100 ml) was activated in situ in the reactor by heating for 12 hours at 550*^0 under an air 
purge (atmospheric pressure, GHSV = 500). After this oxidation stage the reactor was purged at 550^0 with nitrogen 
(atmospheric pressure, GHSV = 500) for 1 hour prior to cooling, under nitrogen, to the required start of run reaction 
temperature of 40''C. 

IS The reactor was pressurised to the operating pressure of 3000 kPa (30 barg) with nitrogen prior to the introduction 
of the gas and liquid reactants. The nitrogen flow was replaced with ethylene, fed at the required rate for the reaction 
(24 l/hr. at NTP). The synthetic liquid feed was fed to the reactor at 75 ml/hr. (LHSV = 0.75/hr). A reactor pressure of 
3000 kPa (30 barg) was maintained for the duration of the experiment. The reactor inlet (catalyst bed bottom) temper- 
ature was increased to approximately 51**C after 27 hours-on-stream (HOS) when 2-methyibutene-2 conversion had 

20 fallen to less than 50% of its ^rt of run value. The run was terminated after 42 HOS. The results are shown in Table 4 
below: 



TABLE 4 



HOS 


2-MB-2 CONV. 


c-Pentene-2 Con- 
version 


f-Pentene-2 Conver- 
sion 


/-Butene Selectivity 


1 -Butene Selectivity 


2 


64 


92 


81 


66 


68 


8 


55 


97 


88 


64 


65 


14 


50 


94 


73 


57 


65 


42 


10 


31 


12 


96 


55 



35 The above results show that the primary product of the metathesis is a C4 olefinic stream comprising iso-butene 
and butene-1 with a mole of propylene being formed for each mole of the C4 olefin. 

Claims 

40 1. A process for the production of a mixed C4 olefinic stream comprising primarily isobutene and butene-1 . and pro- 
pylene, said process comprising subjecting a mixed olefin feedstock comprising 05 olefins and ethylene to metath- 
esis in the presence of a catalyst at a temperature in the range from -20*^0 to 200*'C and subjecting the resulting 
metathesis product to fractionation to recover the mixed C4 stream and propylene resulting therefrom, character- 
ised in that the 05 olefinic feedstock is derived from a by-product during the steam cracking of naphtha to ethylene 

45 which comprises significant amounts of isomeric 05 paraffins, pentadienes, pentenes and small amounts of iso- 
meric hexanes. and is subjected to a deep hydrogenation step in the presence of a hydrogenation catalyst followed 
by fractionation to remove 06 hydrocartx>ns. 

2. A process according to Claim 1 wherein the 05 olefins in the feedstock comprise one or more of pentene-1, pen- 
so tene-2. 2-methylbutene-2. 2-methylbutene-1 and 3-methyIbutene-1. 

3. A process according to any one of the preceding Claims wherein the ratio of the 05 olefins to ettiylene in the mixed 
olefinic feedstock subjected to metathesis is in the range from 1 : 1 to 10 : 1 

55 4. A process according to any one of the preceding Claims wherein the metathesis reaction is carried out in the pres- 
ence of a catalyst comprising at least one supported metal oxide selected from the group consisting of an oxide of 
rhenium, tungsten, molytxlenum and cobalt. 
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5. A process according to Claim 4 wherein the support on which the metal oxide catalyst is supported corrprises at 
least one of alumina, silica, molybdena. zirconia and yttria 

6. A process according to any one of the preceding Claims wherein the metathesis is carried out using a catalyst com- 
position comprising rhenium heptoxlde supported on alumina. 

7. A process according to Claim 6 wherein the alumina support used is y-alumina. 

8. A process according to any one of the preceding Claims 5-7 wherein said support is dosed with a compound capa- 
ble of promoting the reaction and selected from the group consisting of phosphorus compounds, tin conpounds. 
alkali metals and alkaline earth metals. 

9. A process according to any one of the preceding Claims wherein the amount of metal oxide with respect to the sup- 
port in the metathesis catalyst is in the range from 0.1 to 10% wM. 

10. A process according to any one of the preceding Claims wherein the metathesis reaction is canied out under het- 
erogeneous conditions. 

11 . A process according to any one of the preceding Claims wherein the metathesis reaction is operated under pres- 
sure so that the reactants and products are maintained in the liquid phase at the reaction temperature and under 
the reaction conditions. 

1 2. A process according to any one of the preceding Claims wherein tiie metathesis reaction Is can-led out at pressures 
in the range from 100 to 10000 kPa and at temperatures in tiie range from -20*»C to 200*C. 

13. A process according to any one of the preceding Claims wherein tiie metathesis reaction is canried out at a liquid 
hourly space velocity (LHSV) in the range from 1 to 30 by volume per hour. 

1 4. A process according to any one of the preceding Claims wherein the mixed butenes formed by the metathesis reac- 
tion are substantially free of butene-2. 

Patentanspruche 

1. Verfahren zur Herstellung eines gemischten C4-Olefinstroms, umfassend vorwiegend Isobuten und Buten-1 sowie 
Propylen, wobei das Verfahren umfalSt Metathese einer gemischten Olefinbeschickung, die C5-Olefine und Ethylen 
umfalSt, In Gegenwart eines Katalysators bei einer Temperatur im Bereich -20°C bis 200°C und Fraktionieren des 
erhaltenen Metatheseprodukts unter Gewinnung eines gemischten C4-Stroms und dabei anfallenden Propylene, 
dadurch gekennzeichnet, da6 die C5-Olefinbeschickung von einem Nebenprodukt wdhrend der Dampfcrackung 
von ErdOl zu Etiiylen stammt, das bedeutende Mengen an isomeren C5-Parafffinen. Pentadienen. Pentenen und 
geringe Mengen an isomeren Hexanen umfaSt, und einem Tlefhydrienjngsschritt in Gegenwart eines Hydrierungs- 
katalysators. gefblgt von Fraktionierung zur Entffemung von C6-K6hlenwasserstoffen, unterzogen wird. 

2. Verfahren nach Anspruch 1 . wobei die C5-01efine in der Beschickung eines Oder mehrere von Penten-1 . Penten- 
2. 2-Methylbuten-2, 2-Methylbuten-1 und 3-Metiiylbuten-1 umbssen. 

3. Verfahren nach einem der vorangehenden Anspruche, wobei in der gerrdschten, der Metathese zu unterziehenden 
Olefinbeschickung das Verhaitnis der C5-Olefine zu Ethylen im Bereich 1 :1 bte 10:1 liegt 

4. Verfahren nach einem der vorangehenden AnsprOche, wobei die Metathesereaktion in Gegenwart eines Katalysa- 
tors, umfassend nrtindestens ein getragenes Metailoxid, ausgewShlt aus der Qruppe. bestehend aus einem Oxid 
von Rhenium. Wolfram. Molybddn und Kbbatt, ausgefuhrt wird. 

5. Verfahren nach Anspruch 4, wobei der TrSger. auf dem der Metalloxidkatalysator aufgetragen ist. mindestens einen 
von Atuminiumoxid. Siliziumdioxid. Molybd^noxid, Zirkoniumoxid und Yttriumoxid umfaBt. 

6- Verfahren nach einem der vorangehenden Anspruche, wobei die Metathese unter Verwendung einer Katalysator- 
zusammensetzung, umfassend Rhenlumneptoxid, getragen auf Aluminiumoxid. ausgefQhrt wird. 
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7. Verfahren nach Anspaich 6. wobei der verwendete Alumtniumoxidtrager y-Aluminiumoxid ist. 

8. Verfahren nach einem der vorangehenden AnsprOche 5-7, wobei der TrSger mit einer Verbindung, die die Reaktion 
fOrdern kann und die ausgewdhlt ist aus der Gruppe. bestehend aus Phosphorveitxndungen. Zinnverbindungen. 

5 Alkalimetallen und Endalkalinietallen. versetzt wird. 

9. Verfahren nach einem der vorangehenden Anspruche. wobei die Menge an Metalloxid hinsichtlich des Trdgers in 
dem M etathesekatalysator im Bereich 0,1 bis 10% Gewicht/Gewicht liegt. 

10 10. Verfahren nach einem der vorangehenden AnsprOche, wobei die Metalhesereaktion unter heterogenen Bedlngun- 
gen ausgefuhrt wird. 

11. Verfahren nach einem der vorangehenden AnsprOche, wobei die Mefathesereaktion unter Druck ausgefuhrt wird, 
so daB die Reaktanten und Produkte bei der Reaktionstemperatur und unter den Reaktionsbedingungen in der 

IS f lussigen Phase gehalten werden. 

12. Verfahren nach einem der vorangehenden AnsprOche. wobei die Metathesereaktion bet DrOcken im Bereich 100 
bis 1 0 000 kPa und bei Tenrperaturen im Bereich -20''C bis 200''C ausgefOhrt wird. 

20 13. Verfahren nach einem der vorangehenden Anspruche, wobei die Metathesereaktion bei einer stundiichen FIQssig- 
keitsraumgeschwindigkeit (LHSV) im Bereich 1 bis 30 auf das Volumen pro Stunde ausgefOhrt wird. 

14. Verfahren nach einem der vorangeherxjen AnsprOche. wobei die durch die Metathesereaktion gebikleten gemisch- 
ten Butene im wesentlichen frei von Buten-2 sind. 



25 



Revendications 



1 . Proc6d6 pour la production d'un oourant ol^inique en C4 mixte comprenant principalement de nsot}ut^e et du 
butdne-1, ainsi que du propyl^e, ledit proc6d6 oonsistant k soumettre une charge d'alimentation ol6finique mixte 

30 comprenant des defines en C5 et de l'6thyldne d une m6fath6se en presence d'un catalyseur k une temperature 
comprise entre -20**C et 200°C et k soumettre le produit de m6teth6se obtenu k un fractionnement pour r6cup6rer 
le courant d'hydrocarbures en C4 mixte et de propylene obtenu par fractionnement. proc^6 caract^ris^ en ce que 
la charge d'alimentation oi6finique en C5 est d^riv^e d'un sous-produit pendant le vapocraquage du naphte en 
^yldne qui comprend des quantity importantes de paraff ines Isom^res en C5, de pentadi^nes, de pent^nes et 

3S de petites quantit6s d*hexanes isomdres, et qu'elle est soumise d une 6tape d'hydrog6nation profbnde en presence 
d'un cafalyseur d*hydrog6nation suivie par un fractionnement pour retirer les hydrocarbures en Ce- 

2. Proc6d6 selon la revendication 1. dans lequel les ol^ines en C5 dans la charge d'alimentation comprennent un ou 
plusieurs 6l6ments parmi le pent^ne-l. le pent6ne-2, le 2-m6thylbutene-2, le 2-m6thylbutene-1 et le 3-m6thylbu- 

40 t^e-1. 

3. Proc6d6 selon Tune des revendications pr6c6dentes. dans lequel le rapport des ol^ines en C5 k r^thyi^ne dans la 
charge d'alimentation ol6f inique mixte soumise k la m^tathtee est compris entre 1 :1 et 1 0:1 . 

4S 4. Precede selon i'une des revendications pr^c^entes. dans lequel la ruction de m^tath^se 5*effectue en presence 
d un cafalyseur comprenant au moins un oxyde m^tallique sur support choisi dans le groupe form6 par un oxyde 
de rhenium, de tungstdne, de molytxidne et de cobalt. 

5. Proc6d6 selon la revendication 4. dans lequel le support sur lequel le cafalyseur d'oxyde m^tallique est supports 
so comprend au moins un 616ment parmi I'alumine. la silica, le molytxl^e, la ziroone et Tyttria 

6. Proc6d6 selon Tune des revendications pr6c^entes, dans lequel la m6tathtee s'effectue en utilisant une compo- 
sition cafalytique comprenant Theptoxyde de rhenium supports sur I'alumine. 

55 7. Proc^^ selon ta reverxiication 6. dans lequel le support d'alumine utilise est la y-alumine. 

8. Proc6d6 selon I'une des reverxiications 5^7. dans lequel ledit support est dos6 avec un conrpos^ capable de favo- 
riser la reaction et choisi dans ie groupe fbrm6 par les connpos6s phosphorus, les composes de retain, les m6taux 
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alcaiins et les m^taux alcalinoterreux. 

9. Proc6d6 selon Tune des revendications pr6c6dentes. dans lequel la quantity d*Qxyde m6tallique dans le catalyseur 
de m6tath6se par rapport au support est compris entre 0,1 et 10% p/p. 

5 

10. Proc6d6 selon Tune des revendications pr6c6dentes, dans lequel la reaction de m^tath^e s*effectue dans des 
conditions h^^rog^nes. 

1 1 . Proc6d6 selon I'une des revendications pr6c6dentes. dans lequel la r6action de m6tath§se est effectu6e sous pres- 
10 sion de sorte que les r^actifs et les produits soient maintenus en phase liquide k la tempteture r^ctionnelle et 

dans les conditions r^actionnelles. 

12. Proc6d6 selon I'une des revendications pr6c6dentes, dans lequel la reaction de m^tath^se s'effectue ^ des pres- 
sions comprises entre 100 et 10 000 kPa et k des temperatures comprises entre -20^*0 et 200^C. 

IS 

13. Proc6d6 selon Pune des revendications pr^6dentes. dans lequel la ruction de m^tath^e s'effectue k une vitesse 
spatiale horaire de liquide (LHSV) comprise entre 1 et 30 en volume par heure. 

14. Proc6d6 selon I'une des revendications pr§c6dentes, dans lequel les butanes mixles 1brm6s par la reaction de 
20 m^tath^se sont essentiellement exempts de but^ne-2. 



25 



30 



35 



40 



45 



50 



55 



10 



